Introduction
Coexistence of pulmonary as well as systemic inflammation is a hallmark of COPD. 1, 2 Although our understanding of the role of lung inflammation has been significantly advanced by studying lung histology, bronchoalveolar lavage (BAL) fluid, and induced sputum from patients, [3] [4] [5] [6] our knowledge of systemic inflammation in COPD remains sparse.
Elevated systemic inflammation is associated with increased disease severity and weight loss. 1, 7, 8 Increased albumin levels in sputum samples of COPD patients are negatively associated with lung function. This may imply that plasma extravasation contributes to inflammation and disease progression. 9 However, functional evidence of the role of systemic inflammation in disease pathogenesis is lacking.
Despite the extent of inflammation present in COPD patients, inhaled corticosteroids (ICSs) have little effect on either disease progression or mortality in most patients. 10 This steroid resistance means that alternative anti-inflammatory medication is needed. The p38 mitogen-activated protein kinase (MAPK) signaling pathway is a major proinflammatory mechanism in COPD 11 and has recently been the focus of much research effort in the field, culminating in several clinical studies. 12, 13 Lung immunohistochemistry showed increased p38 MAPK activation in COPD patients 14 with increased phosphorylation in alveolar macrophages and in epithelial, CD20 + , and CD8 + cells. 15 In COPD alveolar macrophages, p38 MAPK activation is corticosteroid insensitive, 16 which may be important in a particular subset of COPD macrophages. Several additional in vitro studies have observed decreased cytokine production by treating COPD pulmonary cells with p38 inhibitors. 15 This evidence suggested that inhibition of p38 phosphorylation could be a rational therapeutic strategy in COPD.
To investigate the influence of blood exudates on pulmonary cells, in this study, we cultured MH-S alveolar macrophage cell line with serum from Global initiative for chronic Obstructive Lung Disease (GOLD) C/D patients and healthy controls. The effectiveness of p38 inhibitor (SB203580) in this serum-induced cell model was also investigated. In addition, pooled peripheral blood mononuclear cells (PBMCs) from patients of different GOLD groups under the treatment of SB203580 were assessed to identify the potential sources of proinflammatory mediators present in the blood and the cellular responses from PBMCs.
Methods

study population
This study was approved by the ethical committee of the Second Hospital of Hebei Medical University. All subjects gave written informed consent.
COPD patients (n=66) were recruited according to the following criteria: forced expiratory volume in 1 second (FEV 1 )/forced vital capacity (FVC) ratio ,0.7 and one or more of the following key indicators: 1) progressive and/or persistent dyspnea, 2) chronic cough, 3) chronic sputum production, and 4) history of exposure to risk factors (tobacco smoke).
Definition of COPD severity
COPD severity was determined according to 2011 GOLD guidelines A-D, based on symptoms, airflow obstruction, and exacerbation history. Symptom burden was measured by either the modified Medical Research Council (mMRC) questionnaire or the COPD assessment test (CAT). Classification of COPD severity is as follows ( Table 1) .
gOlD a
Low symptom burden (mMRC of 0-1 or CAT ,10), FEV 1 of 50% or greater, and low exacerbation rate (0-1/year).
gOlD B
Higher symptom burden (mMRC $2 or CAT $10), FEV 1 of 50% or greater, and low exacerbation rate (0-1/year).
gOlD C
Low symptom burden (mMRC of 0-1 or CAT ,10), FEV 1 ,50%, and/or high exacerbation rate ($2/year).
gOlD D
Higher symptom burden (mMRC $2 or CAT $10), FEV 1 ,50%, and/or high exacerbation rate ($2/year).
Fifteen age-and sex-matched healthy volunteers were recruited as a control group. The exclusion criteria were severe cardiovascular disease, severe digestive disease, malignancies, kidney disease, diabetes, and other respiratory disease such as bronchiolitis, bronchiectasis, tuberculosis, and pulmonary embolism.
Procedures and sample collection
FEV 1 was measured before discharge (MicroLoop 3535; Micro Medical Ltd, Rochester, UK). Blood was collected on the same day. All subjects fasted for at least 8 hours before collecting blood. Venous blood (3 mL) was collected in a tube without 
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Inflammation of COPD and limitation of SB203580 anticoagulant and centrifugated at 3,000 rpm for 10 minutes and then refrigerated at -80°C to detect cytokines; venous blood (5 mL) was collected in a similar manner for PBMC isolation. An aliquot of blood of each participant was sent to the blood testing department of the Second Hospital of Hebei Medical University to examine the white blood cell (WBC) count, percentage neutrophil (NE%), and erythrocyte sedimentation rate (ESR). Serum extraction and PBMC isolation were performed within 2 hours of blood withdrawal. Both serum and PBMC samples were maintained at -80°C until use.
Cell culture
Cell morphology appeared normal in all the conditions tested. After completion of the experiments, cell supernatants were collected and stored, cells were detached using trypsin methods and extracted for protein, and a small aliquot of cells was used for viability test; in all conditions tested, the viability was above 95% graph.
PBMC culture
Another 5 mL of blood was collected in a tube with anticoagulant ethylenediaminetetraacetic acid (EDTA) to separate PBMCs. PBMCs were isolated by density gradient sedimentation. PBMCs from the same severity group were pooled (1×10 6 cells/mL), and 1 mL of sample was added to each well in a 24-well plate and supplemented with 10% of inactivated serum. Pooled PBMC samples were cultured in either RPMI1640 culture media with 10% fetal calf serum or media supplemented with serially diluted SB203508 (5, 10, or 15 μM final concentration) for 1 hour before the addition of lipopolysaccharide (LPS, 1 μg/mL) or vehicle control. After 90 minutes, cell culture media were collected and stored at -80°C. Each condition was performed in triplicate.
Mouse alveolar macrophage cell line culture (Mh-s cell line)
The murine alveolar macrophage MH-S cell line was purchased from ATCC (CRL-2019). MH-S cell lines were cultured in RPMI1640 medium with 10% fetal calf serum. Cells were plated into 24-well plates (5×10 6 cells/mL) by adding 1 mL per well. After 24 hours, culture medium was replaced with fresh RPMI1640 supplemented with 1%, 5%, or 10% pooled plasma, collected from COPD patients (pooled samples from 47 GOLD C or D patients) or healthy volunteers (pooled samples from 15 healthy volunteers). After 6 hours of culture, SB203580 or vehicle control was added for 20 minutes prior to stimulation for 6 hours with either LPS (1 μg/mL) or vehicle control. Each condition was performed in triplicate.
Measurement of cytokines and hs-CrP from serum or culture media
Levels of heat-sensitive C-reactive protein (hs-CRP), CCL5, tumor necrosis factor-α (TNF-α) and interleukin-10 (IL-10) from either serum or cell culture media were measured by commercial ELISA kits (Boster, Wuhan, People's Republic of China).
statistical analysis
All the three serum cytokines were normally distributed; one-way analysis of variance (ANOVA) was used to analyze the group differences. Multiple analyses were adjusted by Bonferroni correction and P,0.05 was considered significant. Error bar represents 95% confidence interval. For PBMC and MH-S cell line culture, each cell culture condition was performed in triplicate. Data are expressed as mean ± standard deviation (SD). All analyses were conducted using SPSS 22.0 software (IBM Corporation, Armonk, NY, USA).
Results
subjects characterization
Majority of the recruited COPD patients were male ( Table 1 ). The levels of biomarkers for systemic inflammation (hs-CRP, WBC, and ESR) increased with increasing GOLD stage ( Table 1) .
serum concentrations of Il-10, CCl5, and TnF-α during COPD exacerbation is dependent on gOlD stage
Healthy volunteers had significantly higher levels of serum IL-10 and significantly lower levels of CCL5 and TNF-α compared to all COPD patient groups ( Figure 1A -C). Serum IL-10 decreased with increasing GOLD stage and was significantly lower in GOLD stage D patients compared to GOLD B patients. CCL5 and TNF-α levels increased significantly with each GOLD stage ( Figure 1A -C).
Cytokine production in pooled PBMC cultures
Pooled PBMC samples were used to assess the cellular cytokine response to an inflammatory stimulus (LPS) in the presence or absence of the p38 inhibitor SB203580.
Il-10
Unstimulated PBMCs from healthy donors produced significantly higher levels of IL-10 compared to PBMCs from COPD patient groups. PBMCs from COPD patients 
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Meng et al produced less IL-10 at baseline corresponding to increasing GOLD stage ( Figure 2A ). LPS stimulation had no significant effect on IL-10 production from PBMCs except those from GOLD B patients, where IL-10 levels were significantly lower (P=0.001). SB203580 pretreatment showed a profound dosage-dependent induction of IL-10 in combination with LPS, but the levels of IL-10 expression in healthy PBMCs were highly significant than that in COPD patients.
CCl5
Unstimulated PBMCs from GOLD D patients produced significantly higher levels (P,0.02) of CCL5 than PBMCs from less severe patients or healthy controls ( Figure 2B ). Levels of CCL5 were not significantly different between healthy controls and GOLD B and C patients ( Figure 2B,  P=1) . LPS stimulation increased CCL5 in all the four groups; however, GOLD D PBMC still produced the highest levels of CCL5. SB203580 treatment suppressed CCL5 production in a dosage-dependent manner, except in PBMCs from GOLD C patients, where SB203580 had no significant effect on CCL5 ( Figure 2B, P=0.38 ).
TnF-α
Baseline release of TNF-α increased in line with COPD severity (P,0.0001). LPS stimulation significantly potentiated TNF-α production, whereas SB203580 pretreatment inhibited it in all the groups in a dosage-dependent manner ( Figure 2C ). PBMC from GOLD D patients produced consistently more TNF-α in all conditions tested.
Cytokine expression by serum-stimulated Mh-s cell line
The culture media were supplemented with various concentrations of pooled serum from healthy volunteers or GOLD C/D patients to observe the impact of serum on MH-S cell 
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Inflammation of COPD and limitation of SB203580 line and the influence of SB203580 treatment in terms of cytokine production.
Il-10
In the control (no stimulation) condition, 1% of serum supplement from GOLD C/D patients (COPD group) showed significant inhibition of IL-10 expression compared to cells cultured in 1% healthy serum; however, this effect did not seem to be dosage dependent as increased percentage of COPD serum concentration did not further suppress IL-10 expression ( Figure 3A) . LPS increased IL-10 production in all serum conditions tested, but the absolute amount was significantly higher in the healthy group ( Figure 3A) . There was no difference in IL-10 induction by LPS with varying serum concentrations in either group. SB203580 pretreatment suppressed IL-10 production, but the levels were still significantly higher than in the unstimulated cells ( Figure 3A ).
CCl5
Unstimulated cells cultured in 1% COPD serum expressed significantly higher levels of CCL5 compared to healthy serum ( Figure 3B ). COPD serum showed a strong dosagedependent stimulation of CCL5 production at baseline ( Figure 3B ). Ten percent COPD serum supplement enhanced CCL5 levels by 50% compared to cells cultured in 1% COPD serum. In contrast, there was no significant difference in CCL5 production with increasing amounts of healthy serum ( Figure 3B ). LPS stimulation increased CCL5 production in both COPD and healthy groups; however, this was significantly potentiated in the COPD group. SB203580 
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Meng et al pretreatment significantly suppressed LPS-induced CCL5 production in all serum conditions, but the levels of CCL5 in the COPD group were still significantly higher than in the healthy group ( Figure 3B ).
Discussion
Main finding
Serum CCL5 and TNF-α levels significantly increased but IL-10 level significantly decreased with the progression of GOLD stage. In line with this observation, PBMCs from GOLD D patients produced higher levels of TNF-α and CCL5 but lower levels of IL-10 compared to less severe groups or healthy controls. LPS stimulation induced CCL5 and TNF-α expression in PBMCs but had little effect on IL-10 expression; SB203580 pretreatment prior to LPS stimulation induced IL-10 and suppressed TNF-α and CCL5 expression in a dosage-dependent manner. Of note, SB203580 pretreatment significantly induced IL-10 expression in healthy control group compared to patients of any GOLD groups.
Using MH-S cell line, we demonstrated that 1% COPD serum supplement can suppress IL-10 expression and induce CCL5 expression. The induction of CCL5 by COPD serum was dosage dependent; however, the suppression of IL-10 by COPD serum remained constant, despite increase of serum percentage. The effect of LPS stimulation and SB203580 pretreatment on IL-10 expression in MH-S cell line culture was distinct from that of PBMC, where LPS stimulation increased IL-10 expression and SB203580 pretreatment suppressed IL-10 expression.
Interpretation
Severity of COPD is positively associated with systemic inflammation. The presence of inflammatory markers in circulation, sputum, and bronchoalveolar fluid suggests that systemic inflammation is one of the potential mechanisms responsible for both COPD and metabolic syndrome. Physical inactivity, skeletal muscle dysfunction, hypogonadism, and steroid use are also important causes of the metabolic syndrome in COPD. 17 In our study, WBC count, ESR, and the levels of hs-CRP increased as the severity of COPD increased. This is consistent with a similar observation where elevated plasma inflammation-sensitive plasma protein levels, such as fibrinogen, ceruloplasmin, α1-antitrypsin, haptoglobin, and orosomucoid, were associated with an increased incidence of hospitalizations of patients with COPD. 1 In line with that observation, elevated serum levels of proinflammatory cytokines (TNF-α and CCL5) and attenuated levels of anti-inflammatory cytokine (IL-10) were observed to be increased with COPD severity. Elevated levels of CCL5 were previously reported in serum, 18 sputum, 19 BAL fluid, 20 and airway wall 21 of COPD patients. The physiological impact of elevated CCL5 in serum is unclear. A recent study showed that in the lung, the gain-of-function allele in CCL5 is associated with severe emphysema in COPD and has been linked to small airways disease caused by repeated exposure to stimuli such as respiratory viruses like HRV and RSV; these viruses are detected in approximately half of the COPD exacerbations. In addition, infection with viruses was suggested to underlie the airway eosinophilia observed in some COPD patients. 22 Sputum eosinophilia is an important predictor of time to exacerbation after ICS withdrawal (Liesker, 2011) . High levels of TNF-α in sputum and serum were also reported; elevated levels of TNF-α in serum were associated with weight loss among COPD patients, 7, 8 and overexpression of TNF-α in the lung was suggested to be a driving factor for the inflammatory process. [23] [24] [25] [26] However, there were mixed reports regarding the relationship between blood IL-10 levels and COPD. Using immunotrapping assay, Moermans et al showed that IL-10 was significantly higher in the blood of patients with COPD compared to healthy controls; 27 however, this results contradict with their sputum cell culture where cells from COPD patients released significantly less IL-10. 27 In contrast, using ELISA, Zhang et al showed significantly higher levels of serum IL-10 from healthy nonsmokers compared to healthy smokers and COPD patients (GOLD stages I-IV), but IL-10 levels were similar between patients with different GOLD stages. 28 Our serum IL-10 level was broadly similar to that reported by Zhang et al; however, we observed significantly lower serum IL-10 levels with increasing COPD severity. The difference between the two results might be due to the nature of the study design. In our study, blood was collected in the morning after at least 8 hours of fasting; however, the time of blood collection was not stated by Zhang et al. 28 PBMCs from the GOLD D patients produced significantly higher levels of CCL5 and TNF-α but significantly lower level of IL-10 compared to the less severe counterparts and healthy control. This finding is consistent with the cytokine levels measured in serum. Altered peripheral lymphocyte functions in COPD patients have previously been reported. 29 COPD PBMCs have fewer CD4 + cells that produce IL-10.
It is unclear what drives the altered lymphocyte function; however, lymphocytes travel between the lung and circulatory compartments via lymph nodes. 30 So, impaired lymphocyte function in peripheral blood may have a pathological impact on the lung. Furthermore, we observed a weakened SB203580 induction of IL-10 expression in the PBMCs of all the three GOLD groups. This observation may reflect an important limitation of SB203580 in the treatment of COPD, especially when trials intend to administer this drug orally.
Since blood exudation is a significant feature for COPD, we investigated the influence of blood exudates on pulmonary cells by culturing MH-S cells with human serum. Strikingly, MH-S cells cultured in 1% COPD serum produced significantly less IL-10 and significantly more CCL5 compared to serum from healthy volunteers. This indicates that COPD serum is a potent inducer of lung inflammation. Moreover, we observed a dosage-dependent effect of COPD serum on CCL5 production, but not for IL-10. We speculate that inhibition is already maximal at the lowest serum concentration. Interestingly, LPS stimulation after SB203580 pretreatment had the opposite effect on IL-10 production in MH-S cells compared to PBMCs. SB203580 suppressed LPS-induced IL-10 production in MH-S cells, whereas it potentiated LPS-induced IL-10 production in PBMCs. Of note, in spite of SB203580 pretreatment, cells cultured in COPD serum released significantly less IL-10 and significantly more CCL5 compared to healthy counterparts, suggesting that the effect of serum on cytokine expression maybe independent of the p38 pathway. Our previous study showed that LPS-mediated overproduction of TNF-α and IL-10 by MH-S is mediated at least partially by the MAPK pathway. 31 Combining dexamethasone and SB203580 showed strong inhibition on the LPS-induced IL-10 secretion and STAT3 phosphorylation, which might reflect a very important drawback from the combined use of both anti-inflammatory agents. 32 The current study showed that elevated p38 pathway is evident in COPD; however, recent clinical trials using p38 inhibitor showed mixed results, 12, 13 which implies that dysregulated p38 pathway may not be a generic pathway in every COPD case. One of the aims of this work was to explore the limitation of using p38 inhibitor as a potential anti-inflammatory drug in COPD. The result of this work demonstrated that non-diseased cells (MH-S) could be stimulated to become proinflammatory by exposing them to the serum of COPD patients, whereas immune cells (PBMCs) from COPD patients were proinflammatory even in the absence of serum. In both cases, p38 inhibitor showed limited effect in suppressing the proinflammatory cytokine production, which suggested the inflammatory pathway might only be partially dependent on p38 pathway. limitation Although the MH-S cell line showed a good functional resemblance as primary alveolar macrophages, further validation using primary cells is needed.
The use of pooled PBMCs and serum for cell culture experiments provided a simple overview between cytokine response, disease severity, and cellular response to SB203580 treatment; however, even within the same GOLD groups, the symptoms may be driven by different disease mechanisms. 33 Therefore, a future study investigating cellular responses of individual patients is essential to provide a clearer linkage between cytokine profiles (by means of a machine-learning approach) and clinical outcomes.
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Meng et al COPD is a complex disease that can be influenced by multiple factors such as genetic predisposition (eg, α1antitrypsin), cigarette smoking, and bacterial/viral infection. 34 LPS-induced PBMCs and MH-S cell line culture were oversimplified models to reflect inflammation in COPD. A more comprehensive study using additional stimuli such as cigarette extract followed by downstream omic analysis (transcriptomics and proteomics) might provide further understanding of the complex interplay between stimuli and cellular response. 35 
Conclusion
Systemic inflammation is highly associated with COPD severity. Dysregulation of cytokine production is evident in COPD PBMC, which can only partially be restored by SB203580 treatment. Serum from GOLD C and D patients is a potent inducer of inflammation in the pulmonary cells (MH-S cell line) and this effect was not reversed by SB203580 treatment.
